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METHOD AND APPARATUS FOR ENHANCING POWER 
OUTPUT AND EFFICIENCY OF COMBUSTION TURBINES 

BACKgi^OIJl^ Q g THE INVENTION 

Field of the Inverifcion 

This invention relates generally to improving output 
and efficiency of combustion engines and, more particularly, 
to cooling inlet air to combustion turbines. 

DegcyiptAoTi pf thg Baqkgyounc^ 

Internal combustion engines, including gas turbine 
engines, also known as combustion turbines, are means of 
converting fuel such as natural gas, oil, or other liquid or 
gaseous fuels to electrical, mechanical and/or other forms of 
useful power output. The available power output of internal 
combustion engines, however, typically diminishes with rising 
inlet air temperature. Typical combustion turbines, whose 
power output is defined as 100% at 15 C (59 °F) are derated to 
approximately 85% power output at inlet air temperatures of 90 
to 100 °F. Conversely, cooling in the inlet air to 40 to 50 **F 
results in an increased rating of approximately 105% power 
output. Accordingly, it is of interest, and has been put into 
practice, to cool the inlet air to combustion turbines, during 
times of hot ambient air temperatures, to increase the power 
output. In particular, inlet air cooling is advantageous 
during periods when ambient air temperatures are high and 
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concurrently the demand for, and the value of, power output is 
high • 

Among the several methods that have been 
traditionally used for combustion inlet air cooling are the 
following, each with inherent limitations, as noted. 

Although quite low in unit capital cost, that is, 
capital cost per unit of incremental power output, evaporative 
cooling can only cool the air to a tettqperature near the 
ambient wet bulb ten^jerature . Therefore, this method has 
quite limited value in terms of power output enhancement, 
especially on hot, humid days when it is most needed. 

Absorption cooling is able to be powered by heat 
recovered from the combustion turbine exhaust, however, this 
method has relatively high unit capital cost and some 
limitations on how low a teTr5)erature can be achieved, for 
example approximately upper 40s to 50 °F air, due- to 
absorption chiller operation in the lower 40s. 

Although mechanical refrigeration has no temperature 
limitations, it has relatively high unit capital cost and 
consumes roughly one third of the incremental combustion 
turbine output in parastic power consumption when operating to 
produce 40 to 50 °F inlet air. 

Chilled water thermal energy storage offsets the 
parasitic power losses of mechanical refrigeration to off-peak 
periods, when energy value is low. Also, it cuts unit capital 
cost dramatically. It has, however, a temperature limit for 
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cooling the air, which is not lower than middle to upper 40s 
**F, due to the temperature limit of chilled water storage that 
is set by the point of maximum water density, 4.1 C or 39.4 
°F. Also, the storage tank volume requirements are large* 

Although ice thermal energy storage can achieve 
lower air temperatures, for example upper 30s to 40 °F, it is 
more complex and costly than is chilled water storage. Ice 
thermal energy storage can achieve greater combustion turbine 
output enhancement, but the incremental output versus chilled 
water thermal energy storage is at a very high capital cost. 
Installations typically employ weekly-cycle ice harvester 
* technology, resulting in storage tanks that are as large as 
the daily cycle chilled water storage tanks. 

Thus, it would be desirable to achieve a means of 
cooling combustion turbine inlet air to a tett^erature level as 
cold, or colder than, is practical when using ice thermal 
energy storage, yet with the simplicity and low unit cost 
associated with the conventional chilled water thermal energy 
storage. Also, it would be desirable to achieve a means of 
reducing the excessive storage volume requirement associated 
with the conventional chilled water and ice thermal energy 
storage systems . ' 

OBJECTS AND SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present 
invention to provide a method and an apparatus for improving 
and enhancing the power output and efficiency of combustion 
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turbine engines that can eliminate the above-noted defects 
inherent in the prior art. 

Another object of this invention is to provide an 
improved method and apparatus for cooling inlet air to a 
combustion turbine by using chilled fluid thermal energy 
storage. 

It is a further object of this invention to provide 
cooled inlet air to a combustion turbine using chilled fluid 
thermal energy storage in which the chilled fluid is an 
aqueous solution. of a salt, such as sodium chloride an calcium 
chloride. 

According to one aspect of the present invention, an 
improved system and method for cooling the inlet air of a 
combustion turbine or other internal combustion engines is 
provided, in which thermal energy storage system is employed 
using undersized chillers that is, smaller than the peak inlet 
air cooling load, which operate during relatively lengthy off- 
peak periods to charge a stratified thermal energy' storage 
system that is in turn discharged and used to cool the inlet 
air during relative brief peak periods. The present invention 
is an improvement over other combustion turbine inlet air 
cooling systems in that it employs a thermally stratified 
system, but not one storing essentially pure water as is the 
case with conventional chilled water thermal energy storage 
systems. Thus, the inherent 4.1 C (39.4 °F) temperature limit 
is avoided by the present invention, through the use of a 
thermally stratified storage fluid with characteristics 
appropriate to lower temperature stratification. 
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Cooling can be accoTttplished in charging and 
discharging storage at temperatures low enough to produce 
combustion turbine inlet air as cold as, or even colder than, 
those available from ice thermal energy storage systems, thus 
maximizing combustion turbine power output enhancement. More 
importantly the present invention does so while preserving the 
relative simplicity of design and operation and the low unit 
capital cost associated with the conventional chilled water 
thermal energy storage, while avoiding the relative 
complexity, inefficiency, and higher unit capital cost of ice 
theiroal energy storage systems. 

Also, the lower supply temperature in storage 
_rjssjilt_s in .a larger tetnperature differential within storage 
and, thus, in a smaller less expensive storage volume 
requirement. In fact, the storage volume will typically be 
significantly reduced from that required by either the 
conventional chilled water thermal energy storage approach or 
the weekly ice thermal storage approach. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig 1, is a system diagram of an embodiment of the 
present invention showing a combustion turbine and a 
stratified chilled fluid thermal energy storage tank; and 

Fig 2 . is an elevational view in partial cross 
section of the stratified chilled fluid thermal energy storage 
tank used in the system of Fig. 1. 
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DETAILED DESCRIPTION OF PREFFERRED EMBODIMENTS 

In the embodiment of the present invention shown in 
Fig. 1, two combustion turbine assemblies 10 and 12 are shown, 
each respectively including an inlet air cooler 14, 16, a fuel 
inlet 18, 20, an exhaust 22, 24, and each being mechanically 
connected to an electrical generator 26, 28 • The turbines 
themselves are shown generally at 30, 32. 

Each air cooler 14, 16, operates as a heat exchanger 
and employs a respective coil or the like 34, 36 that is 
connected to a source of cooled fluid. More specifically, the 
outlets of coils 34, 36 are connected through fluid line 38 to 
a stratified chilled fluid storage tank, shown generally at 
40, and the fluid inlets to the coils 34, 36 are connected to 
the stratified chilled fluid storage tank 40 via fluid line 
42. In the schematic diagram of Fig. 1, solid arrowheads 
represent a fluid flow direction during off-peak operation 
times and an open arrowhead represents the fluid flow 
direction during on-peak operation times. The cooling coil 
inlet line 42 is connected to the stratified chilled fluid 
storage tank 40 that provides the thermal energy storage by a 
pair of chilled fluid pun^s 44, a valve 46, and fluid line 48. 

Thus, briefly stated, chilled fluid that has been 
previously stored in the stratified chilled fluid storage tank 
40 is fed via valve 46 and the punps 44 to the cooling coils 
34, 36 via line 42 and the warmed fluid after having passed 
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through the inlet air cooling coils 34, 36 is returned to the 
stratified chilled fluid storage tank 40 through fluid line 
38. 

The warmed fluid in fluid line 38 is also returned 
for recooling to the original source of the cooled fluid, 
which is a chiller plant 50 of a known kind, through a pair of 
warm-fluid pumps 52 and fluid line 54. The output of the 
chiller plant 50 is fed through fluid line 56 and valve 58 to 
line 48 and, hence, to the stratified chilled fluid tank 40 
where the thermal energy is stored. At that time, valve 46 is 
closed so that the chilled fluid flows into tank 40 for 
storage. 

As noted above,_„the solid arrowheads represent fluid 
flow during off-peak times. Thus, during off-peak times 
chilled fluid can be stored in the thermal energy storage tank 
40. On the other hand, during peak operation times, as 
represented by the solid arrowheads, the chilled fluid flows 
from the tank 40 and is pumped by pumps 44 through the coils 
34, 36 and thence back to the storage tank 40. 

The stratified chilled fluid storage tank 40 is 
represented in Fig. 2 and is of the kind generally described 
in U.S. Patents 5,465,585; and 5,655,377 assigned to the 
assignee hereof and whose disclosures are incorporated herein" 
by reference. Such a storage tank 40 can be quite large, on 
the order of 127 feet in diameter and 90 feet high. A feature 
of this kind of thermal energy storage system is the 
stratification of the fluid into layers of different 
respective temperatures. This is accomplished by using radial 
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diffuser plates, represented by a plate 60 at the top and a 
plate 62 at the bottom of the tank 64. A pipe diffuser 
system, not shown, is alternativley used to prevent mixing of 
the fluids of different temperatures. 

Although the system described in U.S. Patents 5,465, 
585, 5,655,377 discloses adding sodium nitrite and sodium 
nitrate, the present invention may alternatively employ other 
fluids. More specifically, the present invention can employ 
an acjueous solution containing: sodium chloride, calcium 
chloride, both sodium chloride and calcium chloride, potassium 
acetate, potassium formate, potassium nitrite, ethylene-glycol 
or propylene glycol. Also, a solution of aqueous ammonia or 
anhydrous ammonia could be employed. Lastly, either natural 
or synthetic seawater could be used as the fluid in the system 
of the present invention. In the above formulations, a 5-7 
weight percent aqueous solution has been found to provide 
advantageous results. 
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WHAT IS CLAIMED IS 

1 . A method for increasing power output of a 
combustion turbine, comprising the steps of: 

storing a fluid other than water, stored in 
thermally stratified storage; 

storing the fluid so that the cooler, denser 
supply fluid is stored at a temperature below 4.1 C (39.4*'F); 
and 

using the stored fluid to cool the inlet air to 
the combustion turbine, thereby increasing the power output 
thereof . 

2 . The method according to claim 1 in which the 
thermally stratified fluid is an aqueous solution containing 
sodium chloride, 

3 • The method according to claim 1 in which the 
theirmally stratified fluid is an aqueous solution conta:ining 
calcium chloride - 

4. The method according to claim 1 in which the 
thermally stratified fluid is an aqueous solution containing 
both sodium chloride and calcium chloride. 

5. The method according to claim 1 in which the 
thermally stratified fluid is one of natural and synthetic 
seawater . 

6. The method according to claim 1 in which the 
thermally stratified fluid is an aqueous solution containing 
potassium acetate. 
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7. The method according to claim 1 in which the 
thiermally stratified fluid is an aqueous solution containing 
potassium formate. 

8 - The method according to claim 1 in which the 
thermally stratified fluid is an aqueous solution containing 
potassium nitrite. 

9. The method according to claim 1 in which the 
thermally stratified fluid is an aqueous solution containing 
sodium nitrate. 

10. The method according to claim 1 in which the 
thermally stratified fluid is an aqueous solution containing 
sodium nitrite. 

11. . The method according, to claim 1 in which the 
thermally stratified fluid is an aqueous solution containing 
both sodium nitrate and sodium nitrite. 

12 . The method according to claim 1 in which the 
thermally stratified fluid is an aqueous solution containing 
ethylene-glycol ; 

13. The method according to claim 1 in which the 
thermally stratified fluid is an aqueous solution containing 
propylene-glycol 

14 . The method according to claim 1 in which the 
thermally stratified fluid is one of aqueous ammonia and 
anhydrous ammonia. 

15. An apparatus comprising: 

A combustion turbine; 

BEST AVAILABLE COPY 
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a fluid storage tank for thermally stratified 
storage of a fluid in which cooler denser fluid is stored at a 
temperature below 4,1 C (39.4 ^^F) ; 

a refrigeration unit for periodically 
withdrawing warmer less dense fluid from an upper region of 
said fluid storage means and for cooling and returning said 
fluid to a lower region of said fluid storage tank; and 

an inlet combustion air cooling unit for 
periodically withdrawing cooler more dense fluid from the 
lower region of said fluid storage tank for using said fluid 
to cool inlet air to said combustion turbine, and for 
returning resultant warmed fluid to the upper region of said 
fluid storage tank. 

16. The apparatus according to claim 15 wherein 
said inlet combustion air cooling unit comprises a heat 
exchanger . 

17 . The apparatus according to claim 15 in which 
the fluid is an aqueous solution containing sodiiam' chloride . 

18. The apparatus according to claim 15 in which 
the fluid is an aqueous solution containing calcium chloride. 

19. The apparatus according to claim 15 in which 
the fluid is an aqueous solution containing both sodium 
chloride and calcium chloride. 

20. The apparatus according to claim 15 in which 
the fluid is one of natural and synthetic seawater. 

21. The apparatus according to claim 15 in which 
the fluid is an aqueous solution containing potassium acetate. 
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22. The apparatus according to claim 15 in which 
the fluid is an aqueous solution containing potassium formate. 

23. The apparatus according to claim 15 in which 
the fluid is an aqueous solution containing potassium nitrite. 

24. The apparatus according to claim 15 in which 
the fluid is an aqueous solution containing sodium nitrate. 

25. The apparatus according to claim 15 in which 
the fluid is an aqueous solution containing sodium nitrite. 

26. The apparatus according to claim 15 in which 
the fluid is an aqueous solution containing both sodium 
nitrate and sodium nitrite. 

27. The apparatus according to claim 15 in which 
the fluid is an aqueous solution containing ethylene-glycol; 

28 . The apparatus according to claim 15 in which 
the fluid is an aqueous solution containing propylene - glycol . 

29. The apparatus according to claim 15 in which 
the fluid is an aqueous ammonia and anhydrous ammonia. 
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